A new lower bound and a new upper bound for the minimum eigenvalue of an M-tensor are obtained. It is proved that the new lower and upper bounds improve the corresponding bounds provided by He and Huang (J. Inequal. Appl., 2014Appl., , 2014 and Zhao and Sang (J. Inequal. Appl., 2016, 2016, 268). Finally, two numerical examples are given to verify the theoretical results.
Introduction
Let C.R/ be the set of all complex (real) numbers, n be positive integer, n 2, and N D f1; 2; ; ng. We call A D .a respectively. This definition was introduced by Qi in [2] , where he assumed that A is an order m dimension n supersymmetric tensor and m is even. Independently, in [3] , Lim gave such a definition but restricted x to be a real vector and to be a real number. In this case, we call an H-eigenvalue of A and x an H-eigenvector of A associated with . Moreover, the spectral radius .A/ of the tensor A is defined as
where .A/ is the spectrum of A, that is, .A/ D f W i s an eige nvalue of Ag; see [1, 4] . The class of M-tensors introduced in [5, 6] is related to nonnegative tensors, which is an generalization of M -matrices [7] . Eigenvalue problems of tensors have become an important topic of study in numerical multilinear algebra, and received much attention in the literature; see [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In [8] , He and Huang provided some lower and upper bounds on .A/ for an irreducible M-tensor A. 
where
In order to obtain more sharper bounds of the minimum eigenvalue for an irreducible M-tensor, Zhao and Sang [9] gave a lower bound which estimates the minimum eigenvalue more precisely than that in Theorem 1.3.
In this paper, we continue this research, and give a lower bound and an upper bound for .A/ of an M-tensor. It is proved that these bounds are better than the corresponding bounds in [8] and [9] . Finally, two numerical examples are given to verify the obtained results.
Main results
In Obviously,
.A/ ja ij j j:
where 
Without loss of generality, suppose that
From (2) 
Next, we compare the bounds in Theorem 2.1 with those in Theorem 1.3 and Theorem 1.4.
Proof. I. From Theorem 5 in [9] , we have min
Obviously, the first inequality in (6) holds.
II. From Theorem 2.4 in [10] , the proof of Theorem 4 in [9] and Theorem 2.1, it is easy to see that min
that is, the second inequality in (6) holds.
III. Next, we prove that the last inequality in (6) Hence,
When a i i a j j r 
which implies max
The conclusion follows from I, II and III. 
Numerical examples
In this section, two numerical examples are given to verify the theoretical results. 
Conclusions
In this paper, we obtain a lower bound and an upper bound for the minimum eigenvalue of an M-tensors, which improved the known bounds obtained by He and Huang [8] , and Zhao and Sang [9] .
